The principal insecticidal compound obtained from the herbal medicine Inchinkō, the dry flower buds of Artemisia capillaris (Asteraceae), which works against the cigarette beetle, Lasioderma serricorne, was isolated through successive silica-gel column chromatography and HPLC. The active isolate was characterized as capillin (1-phenyl-2,4-hexadiyn-1-one) by FT-IR, GC/MS, and 1 H-and 13 C-NMR analyses. The LC 50 and LC 99 of the isolated capillin against the larva of L. serricorne were 130 ppm and 415 ppm, respectively. The commercial extract of A. capillaris (rumput roman extract; capillin content, 1.8%), which has been approved as a natural preservative for food, may be applicable as a safe insecticidal agent to control the cigarette beetle.
INTRODUCTION
The cigarette beetle, Lasioderma serricorne, is the most destructive pest of stored tobacco. To ensure product reliability, post-harvest insecticides have been restricted in the tobacco industry. In Japan, phosphine fumigation has been applied to leaf tobacco during storage, but no chemical pesticides have been used for tobacco products or their manufacturing areas. Since food manufacturers have become aware of increasing consumer demand for food free of chemical residues, botanicals previously used as food spices or in medical applications have become attractive as sources of pest control agents because of their low environmental persistence and broad safety margin for humans (Shaaya et al., 1997; Golob et al., 1999; Kim et al., 2003) .
Our recent research revealed insecticidal activity in the herbal medicine Inchinkō against the cigarette beetle (Imai and Tsuchiya, 2007) . Inchinkō, the dried flowers of Artemisia capillaris, is a herbal medicine traditionally prescribed for antiphlogistic, diuretic, choleretic and anti-inflammatory purposes (Okuda, 1986; Okuno and Namba, 2004) . The chemical composition of A. capillaris has been intensively investigated, and these studies have revealed many specific compounds, such as phenylalkynes, terpenoids and flavonoids (Harada, 1956 (Harada, , 1957 Imai, 1956; Harada et al., 1960; Miyazawa and Kameoka, 1975a , b, 1976a , b, 1977 Harada and Iwasaki, 1982; Namba et al., 1983; Wu et al., 1998) . The anti-feedant activity of some of these components has been demonstrated against the cabbage butterfly, Pieris rapae (Yano, 1983 (Yano, , 1987 , but insecticidal compounds from this plant have not been documented. The present paper describes the isolation and identification of the principal component of this herbal medicine that shows insecticidal activity against the cigarette beetle. sieved with a 500-mm mesh screen and used in the bioassays. To isolate the active component, one larva was placed in each well of a 96-well microplate. The fractions were tested at a dose of 20 mg equivalent/20 mg diet (10% yeast-added corn flour) in each well. Eight larvae for each extract, fraction and untreated control were set up in eight individual wells. The microplates were kept at 27°C and 60% relative humidity, and insect mortality was recorded after seven days. To assess the insecticidal activity of the isolated compound, oral and dermal toxicity was examined. To examine oral toxicity, tests were performed as described above at doses of 25, 50, 100, 150, 200, 300, 500 and 1,000 ppm in the diet and were replicated four times. Mortality was measured after 21 days. The 50% and 99% lethal concentrations (LC 50 and LC 99 ) were calculated using the PriProbit computer program (ver. 1.63) developed by Sakuma (1998) , which was downloaded from http://bru.gmprc.ksu.edu/ sci/throne/. To examine dermal toxicity, 0.5 ml acetone solution of capillin (20 mg/ml) was applied to fourth instar larvae (10 mg/larva). The treated larvae were kept at 27°C and 60% relative humidity, and insect viability was recorded after seven days. Thirty larvae were supplied for the test. Isolation and identification of the active compound. The herbal medicine Inchinkō was purchased from Uchida Wakanyaku, Co. Ltd. (Tokyo). Inchinkō (100 g) was extracted with ethyl acetate at room temperature overnight. The extract (11.78 g) was chromatographed on a silica gel column (Merck 230-400 mesh, 200 g) and eluted with a stepwise gradient of n-hexane and diethyl ether (100/0, 95/5, 90/10, 80/20 and 0/100, v/v). Active fractions from the elutes of 95/5 and 90/10 (total, 2.58 g) were further chromatographed on a silica gel column and then on a Waters 600 HPLC system equipped with a 10fϫ250 mm GL Science Inertsil SIL 100A column (mobile phase: 12% ethyl acetate/ hexane). The active component (185 mg) was isolated in the form of reddish, needle-like crystals (Fig. 1) .
MATERIALS AND METHODS

Insects
The structural determination of the active component was achieved using spectroscopic analysis. GC/MS analysis was performed using an HP 5890 gas chromatograph coupled with a 5973 mass selective detector equipped with a 0.25 mmϫ30 mϫ 0.25 mm HP-5 MS column. 13 C-NMR, 77.0 ppm). An FT-IR spectrum was measured using an attenuated total reflectance (ATR) sampling method using a Nicolet Continuum infrared microscope.
RESULTS
Bioassay-guided fractionation of Inchinkō yielded the active component in the form of reddish, needle-like crystals (Fig. 1) (Yano, 498 T. IMAI et al. 1987; Banerji et al., 1990; Sugimoto et al., 2007) , and we therefore concluded that the active compound is capillin (1-phenyl-2,4-hexadiyn-1-one).
The isolated capillin showed oral toxicity against L. serricorne larvae. Larvae fed the diet containing capillin at higher concentrations died within 48 hours. LC 50 and LC 99 (95% fiducial limits) were calculated to be 130 ppm (114-147 ppm) and 415 ppm (327-601 ppm), respectively (Fig. 2) . On the other hand, capillin did not show dermal toxicity at 10 mg, which is equivalent to the dose contained in the 500-ppm diet applied to a single larva for the oral test.
DISCUSSION
Artemisia, like its other related genus in the tribe Anthemidae (Asteraceae), is an excellent source of biologically active natural products that have been used as folk and modern medicines. Artemisia has therefore been the subject of numerous chemical and biological studies, which have identified primary sesquiterpene lactones, coumarins and acetylenes as the main metabolites (Teixeira da Silva, 2004). Insecticidal, anti-feedant or repellent properties have also been described in some Artemisia species: fumigant toxicity attributable to volatile monoterpenes of A. annua (Tripathi et al., 2000) , A. sieberi (Negahban et al., 2007) , A. tridentata (Dunkel and Sears, 1998) and A. vulgaris (Wang et al., 2006) ; contact and fumigant toxicities and anti-feedant activity of A. argyi (Liu et al., 2007) ; insecticidal activity of A. borealis (Wang et al., 1990) , A. monosperma (Saleh, 1984) and A. nilagirica (Banerji et al., 1990) ; and anti-feedant activity of A. capillaris (Yano, 1983) . The antifeedant activity of capillin, the principal insecticidal component of A. capillaris against the cigarette beetle determined in this study, has been documented against larvae of the butterfly Pieris rapae (Yano, 1987) . Capillin isolated from A. nilagirica has also been reported to have larvicidal properties against the mosquito Culex pipiens (Banerji et al., 1990) . The mode of action has not been determined, but the present study strongly suggests that capillin does not work as a fumigant or contact poison but as an oral toxin. The lethal action was faster than dying of starvation by feeding deterrents.
Capillin was first isolated from the essential oil of A. capillaris as an antifungal agent (Imai, 1956) and exhibits various pharmaceutical properties, such as antimicrobial, anti-inflammatory and antitumor activities (Fukumaru et al., 1975; Yamamoto et al., 1996; Whelan and Ryan, 2004) . Pure capillin is reported to be an irritant when used topically in the clinic (Nash et al., 1965) . The crude extract, however, is practically harmless and in fact, the ethanol extract of A. capillaris (rumput roman extract) has been approved as a preservative for food and cosmetics in Japan (Ministry of Health and Welfare, 1996; Yamada and Oshima, 2006) . According to Sugimoto et al. (2007) , the concentration of capillin in commercial food additives is 1.8% (w/v). To control L. serricorne, application of the extract at 2.5% in the diet (450 ppm capillin) is required. This is not feasible as a treatment for post-harvest tobacco because this level of rumput roman extract leaves a characteristic incense-like odor. Nevertheless, application of the extract in storage facilities using the crack-and-crevice approach may be a practical way to control pests dwelling in tobacco dust. Fig. 2 . Mortality of Lasioderma serricorne larvae fed a capillin-added diet (10% yeast-added corn flour). Eight early third-instar larvae were individually put on the diet for each concentration and kept at 27°C and 60% relative humidity for three weeks. Circles and bars represent the meansϮSEM (Nϭ4).
